A pot experiment was carried out to determine the effect of lime and phosphorus on the growth and nutrient uptake by Indian spinach (Basella alba L.) on an acidic soil. The experimental soil was amended with four levels of lime (0, 500, 1000 and 2000 kg CaCO 3 ha −1 ) and phosphorus (P) (0, 50, 100, and 150 kg P ha −1 ) and their combinations. The results showed that lime and P applied separately or in combination had significant (P < 0.001) effects on growth parameters (height and number of leaves), fresh and dry weight of shoot and root and N, K and Ca uptake by Indian spinach. Combined application of lime and P gave a better result than the separate application of lime and P. Application of 2000 kg•ha −1 lime plus 150 kg P ha −1 had higher uptake of N, K and Ca and better morphological characters that eventually resulted in greater yield compared with other treatments. The results revealed that lime and phosphorus could be used in combination to improve growth performance and nutrient uptake when plants grown in an acidic soil.
Introduction
In acid soils, availability of certain nutrients like aluminium, iron and manganese increases due to higher dissolution and at times becomes toxic. In strongly acidic conditions, phosphorus reacts with active iron and alumi-nium forming insoluble phosphates. Yuan et al. [1] and Mandal and Khan [2] observed that more than 80 per cent of applied phosphate was converted into unavailable forms in acid soils within very short periods. Under such conditions, calcium and magnesium supply is reduced and plant growth suffers. In addition to these, other beneficial nutrients such as nitrogen, phosphorus, and sulfur are also in deficient concentration [3] .
To meet the calcium demands as well as to create favourable conditions for better uptake of other essential nutrients liming is an important management practice in acid soils. The overall effects of lime on soils include among others, increased soil pH, Ca and Mg saturation, neutralization of toxic concentrations of aluminum, increase in pH dependent CEC resulting in absorption and hydrolysis of Ca 2+ (Mg 2+ ), increase in P availability and improved nutrient uptake by plants [4] [5] . Liming also improves microbiological activities of acid soils, which in turn can increase di-nitrogen fixation and liberate nitrogen (N) from incorporated organic materials [6] . However, over liming may reduce crop yields due to lime induced P and micronutrient deficiencies [7] . Therefore, crop yield responses to lime and P are often interdependent [8] . Under these situations, an appropriate combination of lime and P is an important strategy for improving crops growth in highly weathered acid soil. In view of the above facts, the present investigation was undertaken to study the effect of lime and P and their combinations on the growth and nutrient uptake by Indian spinach.
Materials and Methods

Plant Growth Experiment
A pot experiment was carried out in the crop field of the University of Chittagong, Bangladesh, using a sandy loam surface soil (0 -15 cm). Soil sample was air dried and passed through 4-mm sieve for using it in the pots. For laboratory analysis, a sub sample was air dried and passed through a 2-mm sieve and stored. Soil pH was of 5.07 (1:2.5 soil to water ratio), organic carbon [9] was of 0.98% and CEC (extraction with 1 N NH 4 OAc) [10] was of 4.18 cmol•kg −1 . The soil contained 69% sand, 16% silt and 16% clay measured by hydrometer method [11] . Exchangeable calcium was of 0.02% (extraction with 1 N NH 4 OAc) determined by atomic absorption spectrophotometry (AAS). The treatment consisted of four lime levels i.e., 0, 500, 1000 and 2000 kg CaCO 3 ha −1 and four phosphorus (P) levels, i.e., 0, 50, 100 and 150 kg P ha −1 of soil and lime and phosphorus combinations. Studies were conducted in earthen pots with 5 kg of soil in each pot. Five seeds of Indian spinach were sown to each pot and water was applied up to the field capacity. After emergence, 3 healthy seedlings were kept in each pot. A basal dose of 25:25 kg per ha of N and K was given to the crop. The growth parameters including height and number of leaves were recorded at 35 and 70 days of growth. The plants were harvested at 70 days of growth. After harvest, the plants were separated into shoots and roots and fresh weight was recorded. The shoots and roots were air dried for several days and oven dried at 65˚C for 72 hours and dry weight was recorded. Total nitrogen (N), potassium (K) in the soil and in the plant tissues were determined by Kjeldahl and flame photometric methods, respectively and calcium (Ca) in the plant tissues by atomic absorption spectrophotometry after digestion with H 2 O 2 -H 2 SO 4 . Total N and K concentration in the experimental soil were 0.09% and 0.28% respectively.
Statistical Analysis
Microsoft Excel and MINITAB program [12] were used for analysis of variance and correlation. The nutrient uptake of the plants was calculated by multiplying the nutrient concentration in the tissue and the dry matter (DM) yield.
Results and Discussion
Plant Height and Number of Leaves
Variations in shoot height and number of leaves of Indian spinach observed due to application of lime in soil (P < 0.001) at 35 and 70 days of growth ( Table 1) . Maximum height and number of leaves were obtained from 2000 kg lime except the height at 35 DAS. Significant variations in height and number of leaves at two stages of growth were also observed due to P fertilizer ( Table 1) . Application of 150 kg P increased the growth parameters progressively giving maximum and the lowest values were obtained from 0 kg P (Control). Among the combinations of lime and phosphorus level, the lime at 2000 kg and phosphorus at 150 kg recorded highest plant height at 70 DAS and maximum number of leaves at both stages of growth ( Table 1) . Means followed by the same letter(s) in column(s) or row(s) are not significantly different at P < 0.05. Table 2 shows fresh and dry weight of shoot and root resulting from treatments. Both lime and P applied alone or in combination had significant effects (P < 0.001) on these yield parameters. The trend of treatments effect was similar on both fresh and dry weight. Maximum dry weight of shoot (17.12 g•pot ) and it was statistically identical with 500 kg lime ( Table 2 ) . Application of 1000 kg lime increased dry weight of root progressively giving maximum (3.27 g•pot ). Both the shoot and root dry weights were higher in pots treated with 150 kg P. However, difference in shoot and root dry weight due to 100 and 150 kg P was not statistically significant. Although lime and P increased shoot and root yield, this effect was boosted by combining lime with P applied. Application of 2000 kg lime with 150 kg P increased shoot yields by 52-fold and root yields by 28-fold over control ( Table 2) . Increased dry matter yield of Indian spinach due to liming is attributed to the beneficial effect of ameliorating the soil, which increased the Ca-saturation and availability of major nutrients, especially nitrogen. Higher vegetative growth in Indian spinach must have caused efficient extraction of nutrients resulting in higher dry matter production [3] . A maximum yield in the study was obtained at the application of 2000 kg lime with 150 kg P indicating that the soil was effectively neutralized and calcium ions retained on exchange complex. Adsorption of a basic cation like Ca 2+ on the exchange complex will increase the availability of nutrients due to cation exchange [13] .
Fresh and Dry Weight of Shoot and Root
Nutrient Uptake
The total nitrogen uptake significantly (P < 0.001) differed in relation to different levels of lime and P applied singly or in combination ( Table 3) ) than other levels of lime. Addition of CaCO 3 increased soil pH and might have accelerated the process of mineralization of nitrogen which in turn promoted the uptake of nitrogen [3] . Similar results were also reported by Doddamani [14] and Patil and Ananthanaryana [15] when acid soils were limed. Among the different levels of phosphorus the crop receiving 150 kg P ha −1 recorded higher nitrogen uptake (486 mg•pot −1 ) than other levels ( Table 3 ). Higher level of P application might have synergistic effect on N uptake by Indian spinach [3] . ) than other combinations. Uptake of N obtained by combining 1000 kg lime with 50 kg P about five times the plant N uptake obtained from 50 kg P applied alone ( Table 3) .
The total potassium uptake by Indian spinach was significantly (P < 0.001) influenced by separate or combined application of different levels of lime and P ( Table 3) . Increasing rates of lime up to 1000 kg enhanced K uptake by plant and further addition of lime above 1000 kg•ha −1 decreased the uptake. The decrease in K uptake Means followed by the same letter(s) in column(s) or row(s) are not significantly different at P < 0.05. with lime addition may be related to antagonistic effect of Ca and Mg on uptake of K [16] . These results are in accordance with those of Ananthanarayana and Perur [17] , Sudhir [18] and Patil [19] . Application of phosphorus at the rate of 150 kg P ha −1 recorded maximum potassium uptake (558 mg•pot −1 ) than other levels of phosphorus. Among the combinations, K uptake by plant followed a pattern similar to that obtained for N uptake ( Table 3) .
The total calcium uptake differed significantly (P < 0.001) with respect to application of different levels of lime and P applied alone or in combination ( Table 3) ) and it was statistically identical with 150 kg P ha −1 . The pattern of Ca uptake by plant treated with various combinations of lime P levels was similar to that obtained for N and K uptake ( Table 3) .
Conclusion
The results conclude that application of lime and phosphorus offers a large scope for better performance of Indian spinach. Application of lime along with phosphatic fertilizer at 2000 kg•ha −1 and 150 kg•ha −1 favoured the uptake of N, K and Ca under acidic soil condition and this should be taken into consideration for cultivating plants in acidic soil condition. All the plant benefits were observed at the highest level of lime and P tested. If higher levels of lime and P were taken, the results of variation could be different and it would have been convenient to estimate the optimum requirement of lime and P. Further works in this regard are needed.
